All discussed SABRE studies were performed by bubbling parahydrogen (≥90% para-1 ) through a methanol-d 4 solution at a rate of ~0.7 mL/s under ~6 bars of pressure and room temperature. Pressure and flow rate were chosen to give the highest bubbling rate without displacing the solution out of the medium wall 5 mm OD NMR tube. The solution contained the iridium catalyst [IrCl(COD)(IMes)] (IMes = 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene; COD = cyclooctadiene) 2,3 and Py or 15 N-Py (Sigma-Aldrich, P/N 486183) as the substrate. The experiments were performed with solutions containing, either, 6.3 mM catalyst and 63 mM Py or 0.24 mM catalyst and 4 mM Py.
Experimental Details
All discussed SABRE studies were performed by bubbling parahydrogen (≥90% para-1 ) through a methanol-d 4 solution at a rate of ~0.7 mL/s under ~6 bars of pressure and room temperature. Pressure and flow rate were chosen to give the highest bubbling rate without displacing the solution out of the medium wall 5 mm OD NMR tube. The solution contained the iridium catalyst [IrCl(COD)(IMes)] (IMes = 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene; COD = cyclooctadiene) 2, 3 and Py or 15 N-Py (Sigma-Aldrich, P/N 486183) as the substrate. The experiments were performed with solutions containing, either, 6.3 mM catalyst and 63 mM Py or 0.24 mM catalyst and 4 mM Py.
SABRE-SHEATH polarization is demonstrated by placing the NMR tube in a 305 mm-long magnetic shield (Lake Shore Cryotronics, P/N 4065) during ~30 s-long of bubbling. No attempt was made to tune the small residual magnetic field to a precise value. After this ~30 s polarization period, para-H 2 delivery is stopped, and the NMR tube is quickly transferred (~4 s) to a 9.4 T Bruker Avance III NMR spectrometer to detect the SABRE-SHEATH polarization through conventional 1D-NMR. Both 15 N and 1 H pulse-acquire NMR experiments are conducted. For comparison, further experiments were conducted. Hyperpolarization was also performed at a low field of 6±4 mT in the mouth of the magnet's bore (see Fig. 1 ) followed by transfer to high field for detection. (6-8 mT is ideal for polarization transfer to 1 H). 
Theory
This supplement also provides the quantum-mechanical details of our model for the polarization transfer process in the micro-tesla magnetic shield. The model arrives at a very intuitive representation of the polarization transfer process as a simple rotation on a Bloch-sphere.
The polarization is transferred in an AA′BB′ spin system as illustrated in Fig. 1B of the main manuscript. Here in Fig. S1 we simplify the sketch to highlight the important interactions, which are the J-couplings and the frequency difference, υ A -υ B , between parahydrogen derived protons and the pyridine nitrogens-15. The initial state is the parahydrogen singlet state on the A spins. This state will evolve under the Hamiltonian of the AA′BB′ system. This Hamiltonian contains the magnetic field-dependent frequencies υ A and υ B and the magnetic field-independent J-couplings. Lastly, we associate the spins A, A′, B and B′ with the spin operators I A , I′ A , I B and I′ B .
With this notation the AA'BB' Hamiltonian is expressed as: It is now convenient to introduce the sum and the difference of the AB-J-couplings,
and to rewrite Eq. S1 for illustration purposes: 
Next, with our goal in mind to represent the dynamics in a Bloch sphere, we turn to a specific matrix representation of this Hamiltonian, which will help us identify 2 by 2 blocks isomorph with the Pauli matrices directly leading us to our goal.
A matrix representation requires a specific basis and the most adequate basis for the problem at hand is the Singlet-Triplet basis for coupled spin pairs:
We use this Singlet-Triplet basis for both the AA′ spin pair and the BB′ spin pair and then identify all possible combinations resulting in the 16 possible states of an AA′BB′ system, sorted by their symmetry:
10 symmetric states with respect to exchange of A with A′ and B with B′: 
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It is valuable to sort these states by symmetry, because states with differing symmetry cannot be connected, hence we will not find off-diagonal elements in the Hamiltonian connecting these two groups.
Once we represent the Hamiltonian of Eq. S3 in the basis introduced in Eqs. S5, we find the following disconnected blocks, all of which are simple 2×2 blocks, except for the first which is a 4×4 block. This exact procedure was also followed by Pople et al. 8 in 1957.
In the symmetric group we obtain the following blocks: 
With this Hamiltonian at hand, an intuitive understanding can be gained about the hyperpolarization dynamics:
The initial state is the parahydrogen derived singlet on the AA′ pair and all other states have close to zero population. Hence, our initial state has the following populations: In Eq. S6a, a connection to 0 0 A B T T cannot be established simply by changing the magnetic field because the diagonal element does not contain frequency dependent terms.
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Eqs. S6b-d do not contain the 0 A S state hence that part of the Hamiltonian cannot be involved in creating hyperpolarization. In Eq. S6e the diagonal terms do not depend on the frequencies, hence this part cannot contribute to hyperpolarization transfer either.
Eqs. S6f,g can create hyperpolarization: As above, the magnetic field has to be chosen such that the diagonal elements are equalized.
To equalize the on-diagonal terms in Eq. S6f we obtain
To equalize the on-diagonal terms in Eq. S6g we obtain.
Theses matching conditions create evolution driven by the off-diagonal terms proportional to ΔJ AB . This evolution can again be depicted as rotations on the Bloch sphere as shown in Fig. S3 . Figure S3 . Depiction of the dynamics that drive the hyperpolarization as rotations on a Bloch sphere: On the left, the matching condition according to Eq. S10 is depicted. The parahydrogen hyperpolarized S 0 A T + B state is converted to hyperpolarization on hydrogen (T + A aligned with the magnetic field). On the nitrogens S 0 B is created, which of course does not bear magnetization. However, the state T + B is depleted, thus creating magnetization anti-aligned with the field. On the right, the matching condition according to Eq. S11 is depicted. The parahydrogen hyperpolarized S 0 A T -B state is converted to hyperpolarization on hydrogen (T -A anti-aligned with the magnetic field. On the nitrogens S 0 B is created, which of course does not bear magnetization. However, the state T -B is depleted,
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thus creating magnetization aligned with the field. The processes are driven by the on diagonal elements in the Hamiltonian proportional to +ΔJ AB , depending on which matching condition is fulfilled.
When matching condition S10 is fulfilled, the state 0 Lastly, it is important to realize that J AA (the HH-coupling) typically dominates the J-coupling network at hand. In that case, either matching conditions S8 and S10, or S9 and S11 will be fulfilled simultaneously, especially given that the chemical exchange smears out the J-couplings and the resonance conditions. Therefore it is important that the resonance condition described by Eqs. S8 and S10, both produce hyperpolarization on the nitrogens anti-aligned with the magnetic field and hyperpolarization aligned with the magnetic field on the hydrogens. They reinforce each other.
A B S T + is connected to
The same is true for resonance conditions described by Eqs. S9 and S11. They reinforce each other by creating hyperpolarization aligned with the magnetic field on the nitrogens and magnetization anti-aligned with the magnetic field on the hydrogens.
Probing proton SABRE and proton SABRE-SHEATH for
14 N-Pyridine and 15 N-Pyridine Figure S4 also shows that the hydrides give antiphase patterns when the 15 N-Py species are involved, implying, antiphase terms that are created during the hyperpolarization process, whereas the hydride signals are purely in-phase, when using 14 N-Py, irrespective of the magnetic field employed during the parahydrogen bubbling period. 
